The relationship between the nervous system and the terminal vascular beds has not been adequately established, because the histological methods applied to the identification of the vascular terminals of the vaso-motor nerves seem to be inadequate from the ultrastructural point of view. It has been claimed that the nerve nets which surround the capillary are arranged in a syncytial fashion, although some investigators cast doubt on the existence of the real syncytial organization.
No clear-cut evidence has been obtained which shows the true syncytia in the nerve net around the capillary in the sense of ultrastructure.
It is generally agreed (ZWEIFACH, 1961)1) that within the capillary beds, only the arterioles, the metarterioles and occasionally precapillary sphincters are controlled by nerve impulses of the autonomic nervous system.
But the true capillary does not show any constriction, although the muscular venules become partially narrowed. WOOLARD (1940) 2) insisted that the terminal nerves to smooth muscles of visceral organs were free, while STOHR (1954)3) had the opinion that the terminal nerve fibers penetrated the cell membrane of the smooth muscle, forming a syncytial pattern.
Endothelial contractility has received considerable attention ever since the early observation of LISTER (1858)4). The present day consensus is that endothelium is not a contractile structure in the same sense as smooth muscle. Accordingly the diameter of the capillary is not changed by electrical stimulation or by chemical agencies which produce well-defined responses in the blood vessels which contain smooth muscle cells. ROUGET (1870)5) described peculiar star-shaped cells , closely wrapped about the capillary. He assumed that these were modified muscle cells for regulating the opening and closure of these vessels, but it was later proved by competent investigators that this is not the case. By stimulating each of the cells adhering to the vessel wall, it was found that the branched Rouget elements were not muscle cells, thence not contractile . Precapillary cells round up when stimulated but do not occlude the vessels, in contrast to the rapid closure when the same stimulus is applied to recognizable muscle cell in the walls of the tiny arterioles, precapillaries or venules.
It was shown that muscular elements are found only in a comparatively small number of centrally placed thoroughfare channels and are not present in the large majority of capillaries.
However, NISHIMARU (1955)6) claimed that the capillaries in the web of frog constricted when the sciatic nerve trunk was stimulated. The situation concerning the innervation of the capillary beds, especially that of the true capillaries is rather confusing.
The present paper concerns mainly with the relationship between nerve terminals and muscle cells in the capillary beds of the atrium of the dog and rabbit.
MATERIALS AND METHODS
Beating hearts of dog and rabbit were quickly removed from the thorax of the animals.
The tissues containing sino-atrial node was roughly located and cut under direct visual control.
A preparation of .approximately 1 cm2 was cut and fixed in an ice-chilled Palade fixative for about 10 min. The preparations, after being fixed superficially, were cut into several small pieces and kept for half an hour in the fixative until the fixation was completed.
Small pieces of the tissue were then dehydrated in an ice-chilled alcohol solution of graded concentrations from 75 per cent to 100 per cent. After dehydration the materials were embedded in epoxy resin according to Luft (1961) A blood cell is suspended by the processes from to endothelial cellsof the capillary. E: endothelial cell, S: smooth muscle cell, W: Schwann cell, C: nerve terminals containing granulated synaptic vesicles. F: fibrocyte.
thetic nerve terminals. They identified the tight association of these granulated vesicles with catecholamine by using the technique of newly developed autoradiographic electron microscopy. Sympathetic innervation of the precapillary is well established in most tissues (ZWEIFACH, 1961)1). It wilt, therefore, be concluded that the granulated vesicles in the nerve terminals around the precapillary of the sino-atrial node of dog is also associated with catecholamine. An electron micrograph of precapillary in the heart of dog, is shown in FIG. 2 . Some of the vesicles in this type of axons which contained cored vesicles showed clear limiting membrane without granules.
It may be assumed that in these smaller vesicles the dense cores have been, discharged, or the sectioning by ultramicrotome was made tangentially against the spherical structure of vesicles. Sometimes large vesicles without granules in: the core was found in the cytoplasm; of terminal axons.
It may be postulated that, in this: case;. all dense granules have been discharged from the vesicles.
In fact, it was shown by CLEMENTI et al. (1963)9) that granulated vesicles in, the adrenal medulla of the rat were discharged by the application of reserpine, leaving the limiting membrane almost intact, but giving a slight shrinkage to the capillary. Quite the same type of innervation of precapillary was also recognized in the heart of the rabbit. B) Innervation of true capillary: True capillaries run through the intercellular spaces of heart muscle cells just like the precapillaries above-mentioned. The thickness of the endothelium of the capillary is not constant but subject to tremendous varieties.
Many processes of the endothelial cells come out with the right angle from the innersurface of the endothelia. The same type of processes was seen in the lumen of the atrium of the rabbit heart. In some parts of the true capillary in the area of sino-atrial node of rabbit long processes seemed to be pushed by a blood cell as shown in FIG. 4 . The cytoplasm of the endothelium of the true capillaries is also filled with caveolae. Processes of the fibrocyte were often seen in the intercellular space between the capillary and the heart muscle cells. Pericytes were often encountered in almost every section of the capillary but seemed to be isolated from one another. No intimate relationship between pericytes and nerve terminals was suggested, nor any muscular element was detected in the cytoplasm of the pericyte. Nerve terminals wrapped in the cytoplasm of Schwann cell contained two types of vesicles. The one had the average diameter of 500A, while the other had that of 1,000A. This is quite the same situation as in the case of the precapillary.
The distribution of the diameters of both types of vesicles is shown in FIG. 6 . The same type of distribution of diameters of synaptic vesicles in the sympathetic ganglion of amphibia was already reported by this author (UCHIZONO, 1964) innervated by the constrictor nerves. No dilator nerve was found which innervated the capillary except for the skeletal muscles. FOLKOW (1960)11) insists that the sympathetic vasodilator nerve exists in the vertebrate skeletal muscle. By classical staining methods of methylene blue or silver it was claimed that the nerve nets of syncytial nature innervate the capillary. In fact, it was shown that the reticular structure of fine myelinated or nonmyelinated nerve fibers surround the capillary.
In some instances the beadlike structure was found in the nerve net surrounding the capillary wall. But mere existence of nerve terminals around the capillary does not warrant the synaptic mechanism there.
Vasa-motor activity or some other kinds of vascular activity should be demonstrated before the capillary innervation is established.
ZWEIFACH (1961)1) insists that the ingrowth of nerve fibers into a tissue, which occurs, after the capillary channels have been laid down, develops along these preformed med channels, using them as scaffolding, as it were. According to him, then, the neuro-capillary relationship may be circumstantial rather than functional.
The present paper showed clearly that the true capillary as well as precapillary in the area of sino-atrial node of dog and rabbit were innervated by both cholinergic and adrenergic nerve fibers. No specific structure showing one-to-one relationship between nerve and muscle as seen in the somatic system of vertebrates, has been found in the capillary beds.
TRAUTWEIN and UCHIZONO (1963)12) reported that two types of nerve endings, existed in the sino-atrial node of the rabbit,. although no intimate relationship between nerve and muscle cells as seen in the skeletal muscle of vertebrates was. established.
In their experiments the naked nerve fibers which contained many vesicles in the axoplasm were taken as a: criterion that the structure was. synaptic in nature.
So they vaguely concluded that the innervation of the heart muscle was made by free nerve endings without making any syncytial organization., HUTTERR and TRAUTWEIN: (1956)13) reported that inhibitory and excitatory effects of vagal and sympathetic nerves on pacemaker cells in the sinus node of frog were indirect, e. g. the effect of nerve stimulation was not one-to-one fashion, as is the case in skeletal muscle, but the response appeared some time after the application of the stimuli. The same type of responses of smooth muscle in the blood vessels were observed by FUNAKI (1960)14). In his, experiment on frog, capillary an instantaneous effect was evoked by nerve stimulation.
The above-mentioned two experiments suggest that the innervation of the visceral organs is diffuse, being different from the somatic system in which very strict one-to-one relationship, is established between nerve and effector.
It must be kept in mind, however, that in the case of the heart, the nerve endings around the capillary are situated in the intercellular space among heart muscle cells through which the capillaries run.
It is impossible to conclude definitely that the nerve terminals around the capillary innervate the capillary exclusively.
The transmitter substances released from the nerve endings around the capillary may affect both the capillary and the heart muscle simultaneouly . To be sure of the exclusive innervation of the capillary one must use the blood vessels in the skin or peritoneum which are devoid of muscular elements . The significance of innervation of the true capillary is not clear, because the endothelia of the true capillary are not an effector organ in the ordinary sense . It has no contractile element nor secretory mechanism.
Contrarily to ROUGET'S belief the pericyte is proved neither to be contractile nor secretory.
In this sense the pericyte is none the less effector organ . No intimate relationship was observed between nerve fibers and ROUGET's cells. HAMA (1961)15) observed the filamentous structure in endothelial cells of amphibian capillary , but it must be emphasized that not all of the endothelial cells contain filaments . This fact seems to agree well with the observation by CLARK and CLARK (1925)16) that the amphibian capillary does not contract everywhere evenly along its length, but contracts at several places independently . No filamentous structure was observed in the present experiments in which the capillary of mammals were used. One possibility is that the transmitter substance of the nerve fibers around the capillary may affect the permeability of the endothelial cells of the true capillary or the processes of the endothelial cells may be affected by the transmitter substances.
The mode of innervation of the true capillary may differ from animal to animal , or from tissue to tissue. One pattern of innervation in one animal or tissue may not be generalized . Furthermore it may be argued that some organs have capillary innervation , while others do not. In this point it may be recalled that not in all sections of the capillary in the sino-atrial node of dog and rabbit the nervous elements were found. It may mean that the nerve fibers do not run parallel with the capillary in this tissue and the synaptic zones do not occur evenly everywhere .
SUMMARY
The fine innervation of the heart in dog and rabbit was investigated by the electron microscope. It was concluded that: 1. Not only precapillary but also true capillary in the area of sino-atrial node of dog and rabbit are innervated by cholinergic and adrenergic nerve fibers . 2. Two types of synaptic vesicles were identified, the one (cholinergic) has the average diameter of 500A, while the other (adrenergic) 1 ,000A. The latter synaptic vesicles contain granules in the core. Dense granules in the core of the vesicles may be associated with catecholamine. 3. Possible role of the synaptic vesicles to the true capillary without muscular elements was discussed briefly. 
